Abstract -Chlorophyll a concentrations were measured as a function of depth from 28 to 48"N along 152"W in March 199 1 with Whatman GF/F and 0.2~pm Nuclepore filters. Surface Chl a concentrations measured with 0.2~ym Nuclepore filters were up to fourfold higher than those measured with Whatman GF/F filters. The largest difference between the two filter types was found in subtropical waters, where picoplankton were a major constituent of the phytoplankton assemblage. Chl a concentrations integrated from 0 to 175 m showed a threefold increase (9-26 mg Chl a m-I) between 28 and 48"N when Whatman GF/F filters were used. However, integrated Chl a concentrations based on measurements with 0.2~pm Nuclepore filters were nearly constant (25-3 1 mg Chl a mpZ) over the transect. These results lead us to question the existence of previously reported latitudinal gradients in integrated Chl a concentrations in the North Pacific Ocean.
Attempts to understand the ocean's role in global climate change require accurate estimates of phytoplankton biomass and production. Recent work has shown that picoplankton constitute a major fraction of the phytoplankton biomass in tropical, subtropical, and temperate waters. As well, these small phytoplankters have been found to contribute significantly to the primary production in openocean ecosystems (Li et al. 1983; Platt et al. 1983) . However, in oligotrophic tropical and subtropical waters, where picoplankton dominate, Chl a concentrations and the level of primary production may have been underestimated due to the use of filters with inappropriate pore sizes.
Numerous comparative studies of the reten-tion properties of glass-fiber and membrane filters have demonstrated that glass-fiber filters inadequately retain < 1 -pm-diameter cells due to their large nominal pore size (0.7 and 1.2 pm for Whatman GF/F and GF/C filters). Low retention efficiencies of glass-fiber filters result when Chl a concentrations are low (<0.5-l .O pg Chl a liter-') and when picoplankton are a dominant fraction of the phytoplankton assemblage (Phinney and Yentsch 1985; Taguchi and Laws 1988) . Under such conditions the use of membrane filters with submicron pore sizes has been recommended (although not always followed). Many studies have made extensive use of glass-fiber filters due to their low cost and fast flow rates.
Results (Venrick 1987) . Integrated Chl a concentrations were calculated with the trapezoid method of integration. The vertical profile of the Chl a concentration at 32"N, 152"W was not included in Fig. 1 In September 199 1 during a cruise off northern California, we used the same procedure outlined above to test if a difference could be detected in the amount of Chl a measured by combusted and noncombusted Whatman GF/F filters. We also checked whether lower vacuum pressure (80 mm of Hg) increased the amount of Chl a measured. The station selected for these tests was 650 km off northern California (42"N, 132"W) in oligotrophic waters characterized by low ambient nitrate concentrations (-1 ,uM) and a low phytoplankton standing stock (-0.080-0.300
pg Chl a liter-l). This site was chosen for its similarity to stations in subtropical waters along the NOAA transect.
Comparison of combusted with noncombusted Whatman GF/F filters showed no appreciable difference in the Chl a concentrations measured for two depths at the oligotrophic site off northern California (Table 1) . Chl a concentrations were found to be -7% lower when the vacuum pressure was 80 mm of Hg compared to 180 mm of Hg. Chl a concentrations measured at 15 and 100 m were comparable to those encountered at the southern end of the NOAA transect. The results of these tests indicate that the low Chl a values for the Whatman GF/F filters during the NOAA transect were not due to increased porosity of the combusted Whatman GF/F filters, inappropriate vacuum pressures, or a combination of the two.
Vertical profiles of Chl a concentrations at four stations extending from the central North Pacific gyre (28"N), through the transition zone (37"N), and into subarctic waters (42 and 48"N) showed very different patterns (Fig. 1 (Table 2) .
Chl a concentrations integrated from 0 to 175 m (Fig. 2) showed a threefold increase (9-26 mg Chl a m-*) between 28 and 48"N when 
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Whatman GF/F filters were used. However, integrated Chl a concentrations for phytoplankton retained on the 0.2-pm Nuclepore filters were relatively constant along the transect (25-31 mg Chl a m-2). This result was due to a significant fraction of the Chl a in subtropical and transition waters passing through the Whatman GF/F filters but being retained by the 0.2-pm Nuclepore filters.
Many investigators have been concerned about the loss of cells through glass-fiber filters and the magnitude of the problem. Most comparative studies have concluded that membrane filters retain more Chl a than glass-fiber filters, especially when Chl a concentrations are ~0.5-1 .O pg Chl a liter-l (Venrick and Hayward 1984; Phinney and Yentsch 1985) . Munawar et al. (1982) found that 42% more Chl a was retained by 0.2-pm Nuclepore filters than Whatman GFK filters. Similarly, Venrick et al. (1987) reported that 0.45-pm Millipore HA filters measured 27% more Chl a than Whatman GF/C filters at 24"N in the Pacific. At 47"N the difference between the filter types was 10%. Phinney and Yentsch (1985) compared Chl a retention by 0.45~pm Millipore HA membrane filters with various types of glass-fiber filters in laboratory and field experiments. In their studies with cultured phytoplankton from four oceanic regions, they found no significant difference in the Chl a concentration measured with either the 0.45-pm Millipore HA or Whatman GF/F filters. However, Whatman GF/F filters were found to be inadequate and gave variable results when used in a series of field experiments where Chl a concentrations were in the range of O-5 pg Chl a liter-l. Phinney and Yentsch concluded that under low biomass conditions the most efficient glass-fiber filters retained only 60% of the Chl a.
Our data confirm that membrane filters have superior retentive properties compared to glassfiber filters but also indicate that the magnitude of the difference between the two filter types in subtropical waters may be greater than previously thought. The 0.2-pm Nuclepore filters retained 67 and 74% more Chl a than the Whatman GF/F filters at 28"N in the chlorophyll maximum layer and in the surface water, respectively. However, this difference was smaller at higher latitudes. At 48"N there was only a 1 O-27% difference between the two filter types. (Pak et al. 1988) extending from the central North Pacific subtropical gyre to subarctic waters. Originally, this gradient was defined on the basis of differences in the surface Chl a concentration between subtropical and subarctic waters. In our study, surface Chl a concentrations also showed a latitudinal gradient between southern and northern ends of the transect, regardless of the type of filter used. Data suggesting the presence of a latitudinal gradient in integrated Chl a concentrations were based on a series of basinwide cruises along 155"W that took place from 1960 to 1980. Results from these cruises have been reported elsewhere (Hayward and Venrick 1982; Hayward et al. 1983; Hayward and McGowan 1985; Hayward 1987) . During these cruises Chl a concentrations
were measured with Whatman GF/C filters. The latitudinal pattern that emerged from these data sets agrees with our integrated values obtained with Whatman GF/F filters. However, our integrated >0.2-pm Chl a data indicate that a latitudinal gradient between subtropical and subarctic waters is weak at best when the picoplankton component of the phytoplankton assemblage is included. Pak et al. (1988) We can only presume that the component of the picoplankton assemblage retained by the 0.2~pm Nuclepore and not the Whatman GF/F filters consisted of a marine prochlorophyte, Prochlorococcus. The largest discrepancy in the Chl a concentrations between filter types was found at the lower latitudes along the transect, in nutrient-poor water. This pattern is consistent with other studies reporting this taxonomic group to be numerically abundant in oligotrophic waters (Olson et al. 1990 ) and to contain a large fraction of the Chl a below the mixed layer (Campbell et al. unpubl.) . As well, the small size of prochlorophyte cells (Chisholm et al. 1988 report a mean cell diam of 0.7 pm) makes it likely that a significant portion of the prochlorophyte population passed through the glass-fiber filters. If prochlorophytes were primarily responsible for the observed differences in Chl a concentrations, it raises the possibility that the difference between filter types might actually be larger than that observed, due to the presence of Chl b (Chisholm et al. 1988) Our results suggest that historical data sets may have underestimated Chl a concentrations in subtropical and transition waters by a factor of two to four whenever glass-fiber filters were used. Primary production measurements also may have been underestimated due to the loss of small cells through glass-fiber filters. The magnitude of the underestimation may be significant when one considers that there is a linear relationship between integrated Chl a concentrations and integrated primary production (Hayward and Venrick 1982) and -60% of the primary production in tropical and subtropical waters can be attributed to picoplankton (Li et al. 1983; Platt et al. 1983; Iturriaga and Mitchell 1986) . Obviously, there is a serious need to use filters with submicron pore sizes in low biomass waters to ensure accurate measurements of phytoplankton standing stocks and primary production.
